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NOMENCLATURE

A Projected frontal area of model, 8.289 in. 2

AB Cross-sectional area at the base, 7.514 in.2

ALPHA Model angle if attack, deg

ALPHA-GP Ground plane angle of attack, deg

ALPI Indicated sector pitch angle, deg

CA Forebody axial-force coefficient, (CAT - CABT)

CABT Base axial-force coefficient, - CPBA • AB/A

CAT Total axial-force coefficient, total axial force/QA

CLL Rolling-moment coefficient, rolling-moment/
QAe3

CLM Pitching-moment coefficient, pitching-moinent/
QAei

CLN Yawing-moment coefficient, yawing-moment/

QAe2

CN Normal-force coefficient,_normal-force/QA

COOE Model configuration number (see Table 1)

CONFIG Model configuration designation (see Table 1)

CPBA Model base pressure coefficient, (PBA-P)/Q

Cy Side-force coefficient, side-force/QA

DS Horizontal distance between the centerline of the
front and rear slipper, 9.6 in.

FOUL Indicates which slipper(s) contacted the rail

HF Average forward slipper height, in.

HR Average rear slipper height, in.

hfi Front slipper height forward of the centerline
of each slipper, i = 1, 2, 3, 4

hri Rear slipper height aft of the centerline
of each slipper, i = 1, 2, 3, 4

Reference lengths to calculate the pitching-moment,
yawing-moment and rolling-moment, in. i 1 1, 2, 3
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M Free-stream Mach number

MRP Model moment reference point (18.68 in. from the
nose)

P Free-stream static pressure, psia

PBA Average base pressure, (PB1 + PB2 + PB3 + P84/4),
psia

PBj Base pressure, psia, i = 1, 2, 3, 4

PHI Aerodynamic roll angle, deg

PHII Indicated sector roll angle, deg

PN Data point number

PT Tunnel stilling chamber pressure, psia

Q Free-stream dynamic pressure, psia

RE Free-stream unit Reynolds number, ft-1

RUN Data set identification number

T Free-stream static temperature, OR

TRIP Identification of trip ball size, in.

TT Tunnel stilling chamber temperature, OR

V Free-stream velocity, fps
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1.0 INTRODUCTION

The work reported herein was performed by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), under
Program Element 921A71, Control Number 9A71, at the request of the
6585th Test Group/TKE, Holloman Air Force Base, New Mexico. The 6585th
Test Group project manager was Mr. Jack Meyers. The results were
obtained by Calspan Corporation/AEDC Division, operating contractor for
the Aerospace Flight Dynamics testing effort at the AEDC, AFSC, Arnold
Air Force Base, Tennessee. The test was performed in the von Karman
Gas Dynamics Facility (VKF) Supersonic Wind Tunnel A during the
period 4-7 May 1987, under AEDC Project Number CI62VA (Calspan Project
Number V41A-37).

The primary objective of this test was to obtain aerodynamic loads
data on a 1/12th scale model of a Holloman Narrow-Gage Rocket Sled with
and without two top-mounted wedge configurations. The two wedge
configuration angles were 4 and 16 deg. This test also used the Image
Analyzer Data System (IADS), for the first time on a rocket sled test,
to monitor the slipper clearances. This information was also used in
calculating the angle of attack of the model with respect to the ground
plane. In the past test, the model was assumed to be at an angle of
attack of zero deg.

Inquiries to obtain copies ef the test data should be directed to
the 6585th Test Group/TKE, Holloman AFB, New Mexico 88330. A
mic-ofiche record of the tabulated data has been retained by the VKF at
AEDC.

2.0 APPARATUS

2.1 TEST FACILITY

Tunnel A (Fig. 1) is a continuous, closed-circuit, variable
density wind tunnel with an automatically driven flexible-piate-type
nozzle and a 40- by 40-in. test section. The tunnel can be operated at
Mach numbers from 1.5 to 5.5 at maximum stagnation pressures from 29 to
200 psia, respectively, and stagnation temperatures up to 750 OR at
Mach number 5.5. Minimum operating pressures range from about one-
tenth to one-twentieth of the maximum at each Mach number. The tunnel
is equipped with a model injection system which allows removal of the
model from the test section while the tunnel remains in operation. In
this test the full inject/retract capability was not used. The model
remained in the test section during tunnel startup and shutdown. A
description of the tunnel airflow calibration information may be found
in the Test Facilities Handbook (Ref. 1).

2.2 TEST ARTICLE

The Narrow-Gage Rocket Sled model and ground plane assembly,
designed and fabricated by Systems Research Laboratories (SRL), is
shown installed in Tunnel A in Fig. 2 and schematically in Fig. 3. The
model, sting, and ground plane assembly are shown in Fig. 4 and details
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of the model, rocket motors and wedges are shown in Figs. 5, 6, and 7,
respectively. The baseline configuration is defined as the model
without any wedges and is described in Table I along with the other two
configurations. A trip band was used during the test on the siose of the
model to promote early boundary layer transition. Three circular rows
of 0.025 in. size balls were placed 0.082 in. apart with 14 balls per
row and the middle row 1.0 in. axially from the nose tip (Fig. 8).

Before testing, two hardware problems had to be resolved. When
the basic model was last run in 1974 (Ref. 2) an AEOC balance (4.04-Y-
36- 032) was used and had a rated normal force of thirty pounds. This
particular balance had a tapered aft section. Since this balance no
longer existed and the selected balance (4.00-Y-36-081) had an aft
clutch face, the sting had to be altered by machining a matching clutch
face. Next, the ground plane had to be reinforced on the sides. A
tunnel blockage and stress analyses were performed and a weak section
was found just ahead of the existing side plates. This area had to be
strengthened to maintain a safety factor of 2 for a marginal block
condition-when starting and stopping the tunnel with the model in the
test section. Extension braces were welded to the existing plates
across the weakened area to give the needed support (Fig. 3).

The model could also be driven vertically and in pitch by remotely
operated yokes attached to the sting support (Fig. 4). Fouling
circuits were used to indicate when contact existed between the model
slipper and the rails.

2.3 TEST INSTRUMENTATION

The measuring devices, recordinq devices, and calibration methods
used for all measured parameters are listed in Table 2.

2.3.1 Model Force Instrumentation

Model forces and moments were measured with an internal six-
component main balance which was supplied and calibrated by AEDC.
Before each shift of the test, static loads were applied to the balance
to simulate the range of loads anticipated for the test.

2.3.2 Model Positioning

The model, supported by a balance and sting, could be driven in
pitch and height by motor-driven yokes attached to the sting. The roll
motor was not used during the test (disconnected) at the users request.

2.3.3 Optical Instrumentation

Model/flow-field shadowgraph and color schlieren photograDhs were
obtained on all three configurations. The photographs were obtained
with a double-pass optical flow visualization system having a 35-in.-
diam field of view.
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The vertical distance from tF• top of a slipper to the top of the
rail wa• measured with an Image Analyzer Data System (IADS). An IADS
print (Fig. 9) shows the magnification and detail of slipper 2 as noted
in Fig. 3. The slippers were also electrically isolated from the rails
such, that if one or more of the slippers touched a ra41, a foul light
would turn on at the remote control unit and the drive-motors would
stop. This condition indicated which slipper was fouled and was
corrected by driving the model slipper to an unfouled position. An
override button was interfaced with the remote control unit so that
when a slipper fouled and the drive-motors turned off, the override
b•ton had to be pressed before the motors could be driven again. This

prevented damaging a slipper and gave a moment to think about which
motor to drive next to achieve an unfouled position.

S.... During all test runs the distance between the top of the slippers
(front and rear) and the top of the rail were measured with the IADS
and recorded as shown in Tab• 3. The clearance between the inside top

slipper and rail ranged from about 0.010 to O.120-in. An example of
calculating the model angle of attack is shown in Table 3.

3.0 TEST DESCRIPTION

3.1 TEST CONDITIONS

A sunwnary of the nominal test conditions at each Mach number is
given below:

H PT TT 0 P • !
3?5 5"3 NO 5.90 0.69 5.5 171 2244
4.0 69 590 5.00 0.45 5.5 140 2324
4.• 109 570 5.30 0.38 7.2 113 2345
5.0 143 660 4.70 0.27 6.0 ii0 2571
5.5 61 680 1.40 0.07 1.9 96 2642

-Jl The Tunnel A sidewall Mach number probe was used routinely to

monitor deviations from the standard calibrated Mach numbers° When a
deviation is measured, the free-stream conditions are corrected and the
actual Mach number is printed on the data tabulations. At Mach numbers

__ 5.0 and 5.5, higher total temperatures are required to maintain
conditions above air liquefaction. An attempt was made at Mach 5.5 to

run at the maximum Reynolds number of 4.5 x 106 (TT = 720, PT = 154),
but the balance temperature exceeded the allowable temperature of 180OF
and conditions had to be lowered.

A run summary showing all configurations tested and the variables
for each is presented in Table 4.

3.2 TEST PROCEDURES

3.2.1 General

In the VKF continuous-flow Wind Tunnel A the model is mounted on a
sting support mechanism in an installation tank directly underneath the

e4 6



tunnel test section. The tank is separated from the tunnel by a pair
of fairing doors and a safety door. When closed, the fairing doors,
except for a slot for the pitch sector, cover the opening to the tank,
and the safety door seals the tunnel from the tank area. After the
model is prepared for a data run, the personnel access door to the
installation tank is closed, the tank is vented to the tunnel flow, the
safety and fairing doors are opened, the model is injected into the
airstream, and the fairing doors are closed. After the data are
obtained, the model is retracted into the tank, and the sequence is

--- reversed with the tank being vented to atmosphere to allow access to
the model in preparation for the next run. The sequence is repeated
for each configuration change.

For this test, there was a potentially high risk of model damage
due to deflection under airloads during the injection process and the
above standard procedures were not used. For each model configuration,
tunnel flow was started (at low pressure levels) with the model in the
test section, and after data at all desired Mach numbers were obtained,
the tunnel was shut-down (again at low pressure conditions). The model
was then retracted for the next configuration change and the process
repeated.

-- •'•3.2.2 Data Acquisition

• Data were recorded in the manual fixed point-pause mode of
operation. The point-pause data were obtained for a value of ALPHA and
YAW (zero) with a delay before the first data point to allow the base

__ pressures to stabilize. Each data point for this mode of operation is
the result of a Kaiser-Bessel digital filter utilizing 16 samples taken
over a time span of 0.333 sec.

3.3 DATA REDUCTION

The Narrow-Gage Rocket Sled data were obtained utilizing the
tunnel data acquisition system as described in Section 3.2.2. The
force and moment measurements were reduced to coefficient form using
the digitally filtered data points and correcting for first and second-
order balance interaction effects. Tunnel stilling chamber pressure
was also calculated from digitally filtered values. The same reference
lengths and areas that were used for the baseline configuration were

£• used for the other configurations.

3.4 MEASUREMENT UNCERTAINTIES

.• In general, instrumentation calibration and data uncertainty
S~estimates were made using methods recognized by the National Bureau of

i Standards (NBS) presented in Ref. 3. Measurement uncertainty is a
combination of bias and precision errors defined as:

U =± (B + t95S)

where B is the bias limit, S is the sample standard deviation, and t95
is the 95th percentile point for the two-tailed Students "t"

O1 7



distribution (95-percent confidence interval), which for sample sizes
greater than 30 is taken equal to 2.

Estimates of the measured data uncertainties f~r this test are
given in Table 2. With the exception of the force and moment balance,
data uncertainties are determined from in-place calibrations through
the data recording system and the data reduction program. Static load
hangings on each balance simulate the range of loads and center-of-
pressure locations anticipated during the test, and measurement errors
are based on differences between applied loads and corresponding values
calculated from the balance equations used in the data reduction. Load
hangings to verify each balance calibration are made in-place on the
assembled model.

Propagation of the bias and precision errors of measured data
through the calculated data was made in accordance with Ref. 3 and the
results are given in Table 2b. Uncertainties for the calculated data
are presented for the maximum measured value of each parameter.

4.0 DATA PACKAGE PRESENTATION

The data package contains tabulated model aerodynamic force and
moment data preserted in the body axes system. Base pressure data are
presented in the form of pressure ratios and coefficients. Final
tabulated data obtained during the test are presented in the Appendix.

A complete set of test results in the form of tabulated data with
detailed test logs and photographic data were transmitted to the 6585th
Group/TKE, Holloman AFB. One printed copy and a micofiche record of
this package were retained at AEDC.

* 8
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TABLE 1. CONFIGURATION DESIGNATIONS

CODE CONFIGURATION

1 1.3.2.2.2 (AB-7.514, A='8.289)

2 1.3.2.2.2W4

3 1.3.2.2.2W16

COMPONENT DESCRIPTION

1.X.X.X.X.WXX Slipper Height (measured from centerline of model to
inside top of slipper.

I. Short- 1.508 in.

X.3.X.X.X.WXX Forward Slipper Location (measured from center of aft
slipper to center of forward slipper)

3. Forward - 9.60 in.

X.X.2.X.X.WXX Bleed Area
2. Closed

X.X.X.2.X.WXX Nose Shape
2. 11-degree Long Cone

X.X.X.X.2.WXX Water Brake
2. Off

X.X.X.X.X.W4 4-degree Long Wedge
Length = 6.88" Height =0.48"

X.X.X.X.X.W16 16-degree Short Wedge
Length = 1.93" Height =0.55"
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Table 3. Image Analyzer Slipper Height Measurements

Slipper #1 Slipper #2 Slipper #3 Slipper #4

Front Rear Front Rear Front Rear Front Rear
Run Alpha

hf, hr1  hf2  hr2  hfj hr 3  hf4  hr4

1 0.132 0.140 0.140 0.123 0.148 0.123 0.091 0,140 0.05
3 0.153 0.148 0.169 0.132 0.090 0.074 0.090 0.070 0.41

4 0.099 0.107 0.091 0.103 0.140 0.132 0.111 0.149 -0.20

0.173 0.161 0.157 0.161 0.186 0.169 0.157 0.186 -0.07

6 0.074 0.083 0.066 0.070 0.156 0.144 0.132 0.169 -0.46

"7 0.145 0.140 0.140 0.156 0.182 0.182 0.161 0.189 -0.20

8 0.157 0.144 U.095 0.144 0.148 0.136 0.161 0.156 -0.09

9 0.161 0.157 0.153 0.161 0.149 0.128 0.136 0.153 0.10

10 0.119 0.140 0.128 0.132 0.169 0.161 0.153 0.165 -0.20

"12 0.165 0.149 0.161 0.140 0.078 0.062 0.078 0.086 0.46

13 0.149 0.153 0.145 0.153 0.145 0.149 0.124 0.157 0.04

14 0145 0.149 0.149 0.145 "0,136 0.128 0.107 0.144 0.11

15 0.157 0.145 0.169 0.148 0.140 0.144 0.099 0.148 0.13

16 0.141 0.137 0.140 0,140 0.132 0.140 0 132 0.152 0.00

17 0.182 0.173 0.153 0.157 0.157 0.157 0.165 0.173 0.02

18 0.161 0.165 0.157 0.161 0.153 0.153 0.140 0.165 0.05

19 0.120 0.130 0.124 0.127 0.120 0.111 0.100 0.123 0.07

20 0.124 0.116 0.116 0.107 0.116 0.103 0.103 0.120 0.03
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Table 3. Concluded

MODEL ANGLE OF ATTACK CALCULATION

A. Equations

HF - [(hf + hr ) + (hf2 + hr 2 )/4

HR = [(hf3 + hr 3) + (hf4 + hr4 )1/4

(deg) -TAN 1  H F" HR where =9.6

B. Sample Calculation of Run #3

HF = [(0.153 + 0.148) + (0.169 + 0.132)1/4

HF = 0.1505

HR = [(0.090 + 0.074) + (0.090 + 0.070)1/4

HR= 0.0810

= TAN- 1 0.1505 - 0.0810
9.60

= 0.41

* 25



TABLE 4. RUN SUMMARY

CONFIGURATIONS
Mach No. Q .--

1.3.2.2.2 1.3.2.2.2.W4 1.3.2.2.2.W 16

3.5 5.9 15 18 19

4.0 5.0 16 17 20

4.5 5.3 1,3 12,13

5.0 4.7 - 4,5 9 14

5.5 . 1.4 T 6,7 10

,26
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